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§45. Limiter Experiments in LHD 
Nishimura, K. 
The LHD discharges are normally open helical divertor 
discharges. To examine a role of peripheral region and a 
dependence of a plasma minor radius on plasma 
confinement, a radial movable limiter was installed in the 
LHD at 7.5L lower port. The limiter head, which is made 
of carbon (IG430U) with high thermal conductivity, is 
inserted into the plasma at the high field side (under the 
helical coil winding). The limiter size is 420x 130x30mm3, 
and its position is controlled remotely with accuracy of 0.5 
mm.l,2) 
The electron temperature and density are measured 
with the multi-channel YAG Thomson scattering system and 
the multi-channel FIR laser interferometer. Dependences 
of the central electron temperature (TeO)' line averaged 
electron density «ne», width of the edge region (Llp), and 
the temperature gradient at the edge region (LlTe / Llp) on 
various limiter positions are shown in Fig. 1. The width of 
the edge region Llp was defined by the radius where the 
electron temperature is less than O.3TeO(=LlTe), namely, Llp = 
1 - p(0.3T eO). The position of p = 1.2 in this figure means 
the farthest limiter position. The width of the edge region 
Llp are kept almost constant in every limiter position. As a 
result, a high temperature gradient at the edge region is also 
maintained in this experimental range. 
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Fig. 1. Dependence of the plasma parameters on limiter 
position p. 
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As the high temperature gradient at the edge region is 
observed in the limiter discharge, good energy confinement 
is also expected in the limiter discharges. Regression 
analysis using these data shows that the dependence of the 
plasma minor radius on a energy confinement time scaling is 
ap 2.36±O.l9. This result agrees well with the 1SS95 scaling 
(ap 2.21) within an error bar. So the dependence of the 
energy confinement time on the plasma minor radius in 
LHD is in accordance with the ISS95 scaling. 
To investigate a roll of the ergodic layer in gas fueling, 
the limiter is inserted into the ergodic region in RaJ( = 3.75 m 
and Rax = 3.6 m cases. Figure 2 shows the dependences of 
the line averaged electron densities on the limiter position in 
RaJ( = 3.75 m and RaJ( = 3.6 m. Gas fueling is carried out 
with the gas puff system. The width of the ergodic layers 
are shown as hatched areas in Fig. 2. When the limiter 
locates just in a plasma (limiter position 500 mm in Fig. 7), 
the line averaged electron densities are 3-4x 1 019 m-3 both in 
Rax = 3.75 m and RaJ( = 3.6 m. However, when the limiter 
position is far from plasma (limiter position 910 mm in Fig. 
2), the line averaged electron densities are lxl019 m-3 in RaJ( 
= 3.75 m and 3xlOl9 m-3 in Rax = 3.6 m. This shows that 
the most of fueling gas ionizes in the ergodic layer in case of 
Rax = 3.75 m. According to insertion the limiter into the 
ergodic region, the width of the ergodic layer becomes 
smaller and the line averaged electron density becomes 
higher (Fig. 1 (a». So thick ergodic layer prevents the gas 
fueling by puffing. 
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Fig. 2. Dependence of the line averaged electron densities on 
the limiter position in RaJ( = 3.75 m and RaJ( = 3.6 m. 
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